Abstract: Alzheimer's disease (AD) is a neurodegenerative disorder affecting the central nervous system, which is also associated with progressive loss of memory and cognition. The development of numerous structural classes of compounds with different pharmacological profile could be an evolving, promising therapeutic approach for the treatment of AD. Thus, providing a symptomatic treatment for this disease are cholinomimetics with the pharmacological profile of Acetylcholinesterase (AChE) inhibitors. In view of this, we have synthesized novel 3-aryl-N-methyl-1,2,5,6-tetrahydropyridine derivatives 5a-k by Suzuki coupling and screened the efficacy of these derivatives for their AChE inhibitor activity.
INTRODUCTION
Alzheimer's disease (AD) is an irreversible, progressive neurodegenerative disorder that occurs gradually and results in memory loss, unusual behavior, personality changes and a decline in thinking abilities [1] . Taking into account the increase in life expectancy, the fact that the incidence of AD increases with advancing age and the devastating effects of this illness, nowadays AD represents a major public health problem and will presumably be the most important pathology of the 21 st century in the developed countries. Efforts have been made in the last two decades in order to determine the etiopathogenesis of AD and to carry out its early diagnosis and therapeutic control [2, 3] . Survival disease is variable in patients with AD and they usually die of infections, with death occurring approximately 10 years after the onset of symptoms. Thus, AD is the third largest cause of death in the western world after cardiovascular diseases and cancer. As a consequence, potentiation of central cholinergic action has become an effective approach for the palliative treatment of mild to moderate cases of AD [4] . Several therapeutic strategies have been explored to enhance cholinergic neurotransmission in order to alleviate some of the symptoms of AD. These include the use of Acetylcholinesterase inhibitors, the administration of acetylcholine precursors, the investigation of acetylcholine releasers and direct acetylcholine receptor agonists [5] . Among these strategies, inhibition of AChE has proven to be the most successful means to balance the cholinergic deficit and to stabilize the symptoms [6] . Two main strategies can be adapted in the treatment of AD, alleviating the cognitive deficits and slowing down degenerative process. Current therapy comes under the first approach [7] . To date, the cholinesterase inhibitors have been shown to improve some aspects of cognitive performance, however, efficacy has been poor and side effects are problematic [8] [9] [10] . A variety of compounds particularly cholinesterase inhibitors, *Address correspondence to this author at the University of Mysore, Manasagangotri, Mysore, India 570006; Tel: +91-821-2412191; Fax: +91-821-2412191; E-mail: rangappaks@gmail.com or rangappaks@chemistry.uni-mysore.ac.in were used in an attempt to increase cholinergic activity [11, 12] . Physo-stigmine (1,2,3,3a,8,8a-hexahydro-1, 3a,8-trimethyl-,methyl-carbamate(ester),(3aS,8aR)-pyrrolo(2,3-b)indol-5-ol), was one of the earlier acetylcholinesterase (AChE) inhibitors studied, produced modest improvements in cognition, but its use was limited because of frequent dosing regimen and severe adverse reactions [13] [14] [15] . The first available treatment for AD was THA (1,2,3,4-tetrahydro-9-aminoacridine), which demonstrated moderate but significant efficacy [16] . Arecoline (Methyl 1,2,5,6-tetra-hydro-1-methylpyridine-3-carboxylate) is a naturally occurring alkaloid with cholinergic properties as a tertiary amine. This muscarinic agonist has strong lipophilic properties and can easily cross the blood-brain barrier after systemic administration [17] . Many experimental studies in animals [18, 19] as well as few clinical studies in demented patients and normal volunteers [20, 21] have demonstrated the ability of arecoline to prevent or to reduce memory deficit. Due to rapid in vivo hydrolysis of the ester functional group, arecoline has an extremely short half life and negligible activity after oral administration [22, 23] . Based on the knowledge acquired from the basic studies of several known arecoline derivatives about the structural requirements for potent AChE inhibitors, a series of N-methyl tetrahydropyridine-3 derivatives were been synthesized and screened for their efficacy as AChE inhibitors.
RESULTS AND DISCUSSION

Chemistry
The preparation of novel 3-aryl-N-methyl-1,2,5,6-tetrahydropyridine derivatives 5a-k is summarized in Scheme 1, via Suzuki coupling by using commercially available 3-bromopyridine as starting material. The synthesis involves three steps; the first step involves the Suzuki coupling, where mixture of 3-bromopyridine and substituted aryl boronic acids in toluene: H 2 O (1: 1) was refluxed overnight using bis(triphenylphosphine) palladium (II) dichloride as a catalyst in the presence of the mild base K 2 CO 3 . The presence of aromatic proton peaks at 6.9-7.8 ppm in the 1 H NMR spectra confirms the formation 3-aryl pyridines 3a-k. The second step is the N-methylation using Methyl iodide in acetone as a solvent at room temperature and the formation of the derivatives 4a-k was confirmed by the presence of singlet methyl peak at 2.51 ppm. The third step is the reduction of the N-substituted pyridine 5a-k using NaBH 4 in Methanol, the presence of a triplet of an olefinic proton at 6.2-6.35 ppm and also the multiplets for aliphatic proton at 2.4-3.3 ppm in the 1 H NMR spectra, confirming the partial reduction of the pyridine ring. All the synthesized compounds 5a-k obtained in good yield ranged from 77-92% with high purity. The chemical structures, physical data and purity of the derivatives are shown in Table 1 . 
AChE activity
The inhibitory activities of the novel synthesized compounds against AChE were studied using the method of Ellman et al. [24] . Determination of the rate of hydrolysis of Acetylthiocholine (ATCh) in the presence of inhibitors against different sources such as electric eel AChE, human serum AChE and rat brain homogenate AChE is shown in Figs. (1-3) , respectively. The comparative inhibitory activities of 5a-k are tabulated in Table 2 . Activities of the synthesized compounds were compared with the inhibitory activity shown by the known standard inhibitor Neostigmine [25] . Activity was 50% at a dose of 50.2, 63.4, 122.0 and 176.8 nM for compounds 5a, 5b, 5h and 5k respectively. Compounds 5d, 5f, 5g and 5j showed less inhibitory activity while compounds 5c, 5e and 5i showed no inhibition. The pharmacological conclusion was that, trifluoro methyl phenyl ring in compound 5a (IC 50 =49.5, 52.1, 50.2) effectively blocked the enzyme compared to the rest of the derivatives studied. The 4-Cyano phenyl ring in 5b (IC 50 =64.0, 68.0, 63.6), 2-fluoro-4-biphenyl ring in 5h (IC 50 =118.0, 115.6, 122.6) and 2-fluoro-3-chlorophenyl ring in 5k (IC 50 =182.3, 170.0, 176.8) derivatives were also effective in blocking the AChE enzyme activity of electric eel, human serum and rat brain homogenate, respectively, which led to the suggestion that compound 5a was considered as a potent AChE inhibitor. Among the synthesized molecules, compounds 5a and 5b showed good AChE inhibition when compared to the other molecules with Neostigmine. This is probably due to the presence of electron withdrawing group trifluoromethyl (-CF 3 ) in 5a and cyano (-CN) in 5b. From the results obtained, it was revealed that the electron withdrawing substituent on phenyl ring increases the inhibition, as observed from the derivatives 5a, 5b, 5k, 5h and 5f. The presence of electron donating groups on phenyl ring (5e, 5i and 5j) had no AChE inhibition. The aromatic fluoro substituent is slightly smaller than hydrogen in terms of molecular refractivity (MR) being 0.09 versus 0.10. Therefore, the fluoro substituent acts as a potent inhibitor. The molecules synthesized herein were expected to enter the central nervous system (CNS) because of the structural similarity with Arecoline. The smaller the substituent, it raised greater expectations of a more favorable activity at tetrahydropyridine-3 site of the molecule. From the SAR, it was observed that the N-methyl tetrahydropyridine-3 derivatives with trifluoromethyl (5a) and cyano substituents (5b) showed better activity than the other derivatives mentioned. The results of reversing amnesic effect of scopolamine induced memory loss in passive avoidance step-down task paradigm in rat [24] are shown in Table 3 . Compound 5a, 5b and 5h minimized the number of mistakes done to 13, 15 and 18 from 34 mistakes done by scopolamine induced memory loss. Our findings revealed that compounds 5a, 5b and 5h improved scopolamine induced impairment of memory registration in passive avoidance behavior in mice. It is well known that the cholinergic system plays an important role in learning and memory [26] and there is evidence from both animal and human studies indicating that learning and memory can be modified by drugs that affect central cholinergic function [27] . In light of these findings, our results suggest that the antiamnesic effect of 5a, 5b and 5h on scopolamineinduced impairment of learning and memory may be related to modification of cholinergic neuronal systems. The results of compounds showed that in vivo and in vitro results are comparable. It can be concluded from this study that for effective binding and blocking of the AChE activity, the molecule needs to bind with peripheral and active site of the enzyme and some N-methyl tetrahydropyridine-3 derivatives with substituents such as fluoro, cyano or biphenyl that may bind to the active site. The substituents like Cl, OH, OCH 3 and OC 2 H 5 containing aromatic rings bind to peripheral site of the enzyme. The structures of potent AChE inhibitors are shown in Fig. (4) .
CONCLUSION
Derivatives of N-methyl tetrahydropyridine-3 having different substituents in the aryl residue were tested for their activity for the substrate acetylcholine iodide. The order of Values are means of three determinations, the ranges of which were less than 5% of the mean in all cases. NI, no inhibition found.
potency is 5a>5b>5h>5k. The other compounds screened failed to elicit any inhibition of acetyl cholinesterase from electric eel, human serum rat brain homogenate. The molecules synthesized herein can be expected to enter the central nervous system (CNS) because of the structural similarity with Arecoline. Two of the analogs synthesized 5a and 5b have AChE inhibitory activity and may provide new leads in the search for effective AChE inhibitory agents. Therefore, it has been summarized that substituting heterocyclic ring to the aromatic ring on N-methyl tetrahydropyridine-3 derivatives may increase the efficacy of AChE inhibitory activity and to achieve this, the work is under progress. 
EXPERIMENTAL
Infrared (IR) spectra were recorded using a Jasco FTIR-4100 series. Nuclear magnetic resonance ( 1 H-NMR) spectra were recorded on Shimadzu AMX 400-Bruker, 400MHz spectrometer using D 6 DMSO as a solvent and TMS as an internal standard (chemical shift in ppm). Mass and purity were recorded on a LC-MSD-Trap-XCT. Elemental (CHNS) analysis was obtained on Vario EL III Elemental Analyzer. Silica gel column chromatography was performed using Merck 7734 silica gel (60-120 mesh) and Merck made TLC plates.
General Procedures for the Synthesis of 3-Aryl pyridines 3a-k
To a solution of 3-bromopyridine (1.0 equiv) in toluene and H 2 O (1: 1), K 2 CO 3 (3.0 equiv) was added and stirred for 10 min at room temperature under N 2 , followed by the addition of (Ph 3 P) 2 PdCl 2 (0.1 equiv) and substituted aryl boronic acids (1.1 equiv). The mixture was refluxed overnight (JinHeng Tetrahedron Lett 2006) [28] . The progress of the reaction was monitored by TLC. After completion of the reaction, the mixture was filtered through celite to remove the palladium particles and the filtrate was evaporated under reduced pressure. The residue was taken in H 2 O, extracted with Ethyl acetate and dried over anhydrous Na 2 SO 4 . Pure compounds been obtained by column chromatography using Hexane/Ethyl acetate (8: 2) as an eluent and the compounds were characterized by 1 H-NMR spectroscopy and LCMS.
General Procedures for the Synthesis of N-methylpyridine-3 Derivatives 4a-k
The compounds 3a-k were taken in the 10-fold volume of acetone, then methyl iodide (4.0 equiv) was added and the mixture stirred for 3-4 hr. After completion of the reaction, the reaction was monitored by TLC and the solvent was evaporated under reduced pressure. A yellow pyridinum salt 4a-k was obtained and taken for reduction [29] .
General Procedures for the Synthesis 3-aryl-Nmethyl-1,2,5,6-tetrahydropyridine Derivatives 5a-k
The compounds 4a-k were taken in MeOH, NaBH 4 (3.0 equiv) was added and the mixture stirred at rt for 3-4 hr. After completion of the reaction, the reaction was monitored by TLC. H 2 O was added and extracted with Ethyl acetate. Pure compounds were obtained as oils after evaporation of the solvent under reduced pressure. All the compounds were characterized by 1 H-NMR, LC/MS, FTIR and CHN analysis.
Synthesis of 3-[4-(trifluoromethyl)phenyl]-1,2,5,6-tetrahydro-1-methylpyridine 5a
Obtained from 1-methyl-3-(4-trifluoromethyl-phenyl) pyridinium salt (4a), (0.5 g, 1.36 mmol), NaBH 4 (0.257 g, 6.80 mmol). Oily liquid (0.278 g, 85%) .
1 H-NMR (CDCl 3 , 
Synthesis of 3-(4-cyanophenyl)-1,2,5,6-tetrahydro-1-methylpyridine 5b
Obtained from 3-(4-cyano-phenyl)-1-methyl-pyridinum salt (4b), (0.5 g, 1.55 mmol), NaBH 4 (0.293 g, 7.75 mmol). The product obtained was oily liquid (0.245 g, 80%) . 1 3-(3-acetylphenyl)-1,2,5,6-tetrahydro- 
Synthesis of
1-methylpyridin 5c
Obtained from 3-(3-acetyl-phenyl)-1-methyl-pyridinium salt (4c), (0.5 g, 1.07 mmol), NaBH 4 (0.202 g, 5.36 mmol). The product obtained was oily liquid (0.178 g, 77%). 
Synthesis of 3-(4-methoxyphenyl)-1,2,5,6-tetrahydro-1-methylpyridine 5e
Obtained from 3-(4-methoxy-phenyl)-1-methyl-pyridinium salt (4e), (0.5 g, 1.52 mmol), NaBH 4 (0.28 g, 7.64 mmol). The product obtained was oily liquid (0.279 g, 90%). 1,2,3, 6-tetrahydro-5-(4-methoxyphenyl)-1-methylpyridine. 3-(2,6-dichlorophenyl)-1,2,5,6-tetrahydro- 
Synthesis of
1-methylpyridine 5f
Obtained from 3-(2,6-dichloro-phenyl)-1-methyl-pyridiniumsalt (4f), (0.5 g, 1.36 mmol), NaBH 4 (0.258 g, 6.82 mmol). The product obtained was oily liquid (0.273 g, 83% 
Synthesis of 3-(4-phenoxyphenyl)-1,2,5,6-tetrahydro-1-methylpyridine 5g
Obtained from 3-(4-phenoxyphenyl)-1-methyl-pyridinium salt (4g), (0.5 g, 1.28 mmol), NaBH 4 (0.242 g, 6.42 mmol). The product obtained was oily liquid (0.289 g, 85%). 1 12 (t, 1H, Ar-H), 6.29 (t, 1H, -CH), 3.25 (s, 2H, 
Biology: In Vitro Cholinesterase Assay
The cholinesterase assay was done by using the method described by Ellman et al. [30] to determine the in vitro cholinesterase activity. The activity was measured by the increase in absorbance at 412nm due to the yellow color produced from the reaction of thiocholine with the dithiobisnitrobenzoate ion. Rat brain AChE was obtained from the brain of wistar rat by homogenizing under Teflon blender for 10 minutes in 0.1M KH 2 PO 4 buffer pH 8. A stock solution of Enzyme in 0.1M KH 2 PO 4 buffer (pH 8.0) was kept frozen. For each assay, 300 g of enzyme was used; acetylthiocholine iodide was prepared daily using 0.1M KH 2 PO 4 buffer (pH 7.0). A 0.01M solution of DTNB was prepared in 0.1M KH 2 PO 4 buffer (pH 7.0). Crude human AChE was obtained by mixing 9 ml of fresh blood (collected from healthy volunteer by vein puncture) with 1ml of 3.8 % (w/v) trisodium citrate and centrifuging at 3000rpm at 0 0 C for 20min. The supernatant was used as a source of AChE. Electric eel AChE was obtained from sigma laboratory and similar procedure was employed for the assay as that of rat brain AChE.
Experimental Condition and Kinetics
Enzyme activity was measured using Shimadzu Spectrophotometer. The assay medium contained phosphate buffer, pH 8.0 (2.6 ml), DTNB (0.1 ml), 5 l of enzyme, 20 l of 0.075 M substrate. The activity was determined by measuring the increase in absorbance at 412 nm at 1 minute interval for 10 minutes at 37 0 C. In dose dependent inhibition studies, the substrate was added to the assay medium containing enzyme, buffer and DTNB with inhibitor after 10 minutes of incubation time. Calculations were performed according to the method of the equation in Ellman et al. All experiments were carried out in triplicate and the mean values are reported here. The relative activity was expressed as percentage ratio of enzyme activity in the absence of inhibitor.
Protein Estimation
Protein content was determined by Lowry method [31] using bovine serum albumin as standard.
IC 50 Determination
AChE inhibitor Neostigmine (a reversible cholinesterase inhibitor), was used in the concentration range 10 to 90 nM to inhibit the AChE of electric eel, human serum, and rat brain homogenate [32] . Inhibition by tetrahydro pyridine derivatives was studied in the presence of different concentrations of compounds and the percentage inhibition of enzyme activity was calculated. The inhibition of AChE by tetrahydro pyridine derivatives was analyzed with values obtained in comparison to that of Neostigmine. Antiamnesic effect was carried out for synthesized tetrahydro pyridine derivatives against scopolamine induced memory loss using passive avoidance step-down task paradigm in rats according to the method of Sharma and Kulkarni [33, 34] .
